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Abstract: Mountains and highlands are often called the world’s natural ”water towers” because they
provide essential freshwater for populations both upstream and downstream. Despite this, knowledge
about the significance of mountains in the hydrological cycle is still uncertain. The present article
takes a regional approach, using case studies to assess and compare the hydrological significance of
mountains. Methods are developed based on the experience gained in the Rhine River catchment and
then applied to 19 additional selected catchments worldwide, with the river Euphrates serving as an
example. The resulting comparative assessment serves as an elaboration on the hydrological significance
of the world’s mountains and underscores their function as sources of large, reliable, and compensatory
discharge. The mean annual mountain contribution to total discharge in the river basins included in
our case studies is disproportionately high, at 63%, with a mean relative mountain area of only 32%.
Furthermore, distinctions can be made according to climatic regions, clearly highlighting the vital role of
mountain runoff in lowlands in arid and semiarid areas. This means taking mountains and highlands more
carefully into account in terms of monitoring and scientific research and especially in terms of watershed
management and conflict management.
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'DQLHO9LYLUROL5ROI:HLQJDUWQHUDQG%UXQR0HVVHUOL
$VVHVVLQJWKH+\GURORJLFDO6LJQLILFDQFHRIWKH:RUOG
V0RXQWDLQV
0RXQWDLQVDQGKLJKODQGVDUHRIWHQFDOOHGWKHZRUOG
V
QDWXUDOZDWHUWRZHUVEHFDXVHWKH\SURYLGHVVHQWLDO
IUHVKZDWHUIRUSRSXODWLRQVERWKXSVWUHDPDQGGRZQ
VWUHDP'HVSLWHWKLVNQRZOHGJHDERXWWKHVLJQLILFDQFH
RIPRXQWDLQVLQWKHK\GURORJLFDOF\FOHLVVWLOOXQFHUWDLQ
7KHSUHVHQWDUWLFOHWDNHVDUHJLRQDODSSURDFKXVLQJ
FDVHVWXGLHVWRDVVHVVDQGFRPSDUHWKHK\GURORJLFDO
VLJQLILFDQFHRIPRXQWDLQV0HWKRGVDUHGHYHORSHG
EDVHGRQWKHH[SHULHQFHJDLQHGLQWKH5KLQH5LYHU
FDWFKPHQWDQGWKHQDSSOLHGWRDGGLWLRQDOVHOHFWHG
FDWFKPHQWVZRUOGZLGHZLWKWKHULYHU(XSKUDWHVHUYLQJ
DVDQH[DPSOH7KHUHVXOWLQJFRPSDUDWLYHDVVHVVPHQW
VHUYHVDVDQHODERUDWLRQRQWKHK\GURORJLFDOVLJQLIL
FDQFHRIWKHZRUOG
VPRXQWDLQVDQGXQGHUVFRUHVWKHLU
IXQFWLRQDVVRXUFHVRIODUJHUHOLDEOHDQGFRPSHQVD
WRU\GLVFKDUJH7KHPHDQDQQXDOPRXQWDLQFRQWULEXWLRQ
WRWRWDOGLVFKDUJHLQWKHULYHUEDVLQVLQFOXGHGLQRXU
FDVHVWXGLHVLVGLVSURSRUWLRQDWHO\KLJKDWZLWKD
PHDQUHODWLYHPRXQWDLQDUHDRIRQO\)XUWKHUPRUH
GLVWLQFWLRQVFDQEHPDGHDFFRUGLQJWRFOLPDWLFUHJLRQV
FOHDUO\KLJKOLJKWLQJWKHYLWDOUROHRIPRXQWDLQUXQRIILQ
ORZODQGVLQDULGDQGVHPLDULGDUHDV7KLVPHDQVWDNLQJ
PRXQWDLQVDQGKLJKODQGVPRUHFDUHIXOO\LQWRDFFRXQWLQ
WHUPVRIPRQLWRULQJDQGVFLHQWLILFUHVHDUFKDQGHVSH
FLDOO\LQWHUPVRIZDWHUVKHGPDQDJHPHQWDQGFRQIOLFW
PDQDJHPHQW
.H\ZRUGV0RXQWDLQVK\GURORJ\UXQRIIFRPSDUDWLYH
DVVHVVPHQW
3HHUUHYLHZHG-XO\$FFHSWHG$XJXVW
,QWURGXFWLRQ
([SHUWVDWDQLQWHUQDWLRQDOFRQIHUHQFHRQPRXQWDLQV
KHOGLQ/LPDLQVWDWHGWKDWZRUOGZLGHSRVVLEO\DV
PXFKDVRIUXQQLQJIUHVKZDWHURULJLQDWHVLQPRXQ
WDLQDUHDV7KLVDVWRQLVKLQJILJXUHZKLFKLVRIPDMRU
SROLWLFDOLPSRUWDQFHLQYLHZRIWKHHPHUJLQJZDWHUFULVLV
LQWKHVWFHQWXU\ZDVRULJLQDOO\VFKHGXOHGIRUSXEOL
FDWLRQIRUWKH6SHFLDO81*HQHUDO$VVHPEO\RQ
$JHQGD/DWHUKRZHYHUDGHFLVLRQDJDLQVWSXEOLFD
WLRQZDVWDNHQRZLQJWRXQFHUWDLQW\DQGGRXEWVXU
URXQGLQJWKHYDOLGLW\RIWKHGDWDDQGHQRUPRXVJDSVLQ
NQRZOHGJHSDUWLFXODUO\ZLWKUHIHUHQFHWRPRXQWDLQ
DUHDVLQWKHWURSLFVDQGVXEWURSLFV7KLVVHUYHGWRFRQ
ILUPDVWDWHPHQWE\.OHPHVPRXQWDLQUHJLRQV
UHSUHVHQWLQSUDFWLFDOWHUPVWKHEODFNHVWRIEODFNER[
HVLQWKHK\GURORJLFDOF\FOH7KLVLQWXUQZDVUHFRQ
ILUPHGE\5RGGD0RXQWDLQVDUHWKHRULJLQRI
PXFKRIWKHZRUOG
VZDWHUUHVRXUFHV<HWOHVVLVNQRZQ
K\GURORJLFDOO\DERXWPRXQWDLQVRQDJOREDOVFDOHWKDQ
DERXWSODLQVKLOO\UHJLRQVDQGRWKHUDUHDV0H\EHFNHW
DOVHHPHGWRFRQWHVWWKHVHFODLPVFRQFHUQLQJ
7$%/(&RPSDULVRQRIZDWHUEDODQFHILJXUHVIRU(XURSHDQGWKH$OSV
%DXPJDUWQHUHWDOS
5HODWLRQ
$OSV (XURSH $OSV(XURSH
3UHFLSLWDWLRQ3 FP FP 
'LVFKDUJH' FP FP 
(YDSRUDWLRQ( FP FP 
5HODWLRQ'3   
5HODWLRQ(3   
WKHK\GURORJLFDOVLJQLILFDQFHRIPRXQWDLQVRQWKHEDVLV
RIDJULGWKH\GHWHUPLQHGWKDWRQDJOREDOVFDOH
WKHVXUIDFHGLVFKDUJHIURPPRXQWDLQVZDV7KHLU
VWXG\LVRIJUHDWLQWHUHVWIRULWVGHILQLWLRQRIPRXQWDLQV
IURPDK\GURORJLFDOSRLQWRIYLHZ<HWWKHLUILJXUH
LQFOXGHGDUHDVVXFKDVWKHFROGKLJKODWLWXGHVSRODU
VXESRODURUSHUPDIURVWUHJLRQVDQGWKHKXPLGHTXD
WRULDOORZODWLWXGHVUDLQIRUHVWVDQGDGMDFHQWDUHDV
ZKHUHGLVFKDUJHLVQRWGHWHUPLQHGE\PRXQWDLQVODQG
XVHLVQRWLQWHQVLYHDQGSRSXODWLRQGHQVLW\LVORZ
7KHNH\TXHVWLRQVWKHUHIRUHUHPDLQXQFKDQJHG
WRGD\
 +RZPXFKGLVFKDUJHFDQZHH[SHFWLQWKHUHJLRQV
PRVWYXOQHUDEOHWRZDWHUVFDUFLW\ZKHUHWKHSRSXOD
WLRQZLOOLQFUHDVHDQGLUULJDWHGDUHDVFRXOGGHFUHDVH":KDWLVWKHPRVWSURPLVLQJDSSURDFKIRUDVVHVVLQJ
PRXQWDLQZDWHUUHVRXUFHVDQGGHWHUPLQLQJWKH
DPRXQWRIGLVFKDUJHLQOLJKWRIWKHHVWLPDWHG
DQGWKHJOREDOO\PRGHOHG"
7KHSUHVHQWVWXG\LVEDVHGRQGLVFKDUJHGDWDVHULHV
IURPWKH*OREDO5XQRII'DWD&HQWUH*5'&
'HVSLWHWKHH[LVWHQFHRIWKHVHGDWDZHVKRXOGEHDULQ
PLQGWKDWRQDJOREDOVFDOHYHU\IHZPHDVXUHPHQWVHULHV
H[LVWIRUGLIIHUHQWDOWLWXGHVDQGWKDWWKHSHULRGVFRY
HUHGDUHH[WUHPHO\OLPLWHG7KLVVLWXDWLRQLVIXUWKHU
FRPSOLFDWHGE\WKHIDFWWKDWGLVFKDUJHFRQGLWLRQVLQ
PRXQWDLQDUHDVH[KLELWDKLJKGHJUHHRIVSDWLDODQG
WHPSRUDOKHWHURJHQHLW\0RUHRYHUWKHVHOLPLWDWLRQVDUH
DJJUDYDWHGE\SROLWLFDOFRQGLWLRQVLWLVSUHFLVHO\LQWKH
FULWLFDODUHDVZKHUHDGHTXDWHZDWHUUHVRXUFHVFDQPHDQ
WKHGLIIHUHQFHEHWZHHQOLIHDQGGHDWKWKDWVHFUHF\SUH
YDLOV7KLVPDNHVEDVLFVFLHQWLILFVWXGLHVPRUHGLIILFXOW
DQGFRQIOLFWUHVROXWLRQLPSRVVLEOH
0HWKRGV
%HFDXVHUHODWLYHO\IHZGDWDDUHDYDLODEOHPRQWKO\
PHDQV*5'&KDGWREHXVHG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ZHSURSRVHG WRGHWHUPLQHWKHLQWHUDFWLRQEHWZHHQ
PRXQWDLQVDQGORZODQGDUHDV7RGHYLVHDQGVXEVH
TXHQWO\WHVWDVXLWDEOHDSSURDFKZHFKRVHWKH5KLQH
EDVLQDVDQH[HPSODU\UHJLRQIRUZKLFKUHOLDEOHDQGUHO
DWLYHO\GHWDLOHGGDWDDUHDYDLODEOH$QDO\VHVVKRZHGWKDW
LWLVSRVVLEOHWRGLIIHUHQWLDWHDQGREWDLQDQRYHUYLHZRI
WKHEDVLFK\GURORJLFDOFKDUDFWHURIWKHZKROHFDWFKPHQW
XVLQJGLVFKDUJHPHDVXUHPHQWVIRUWKHPDLQULYHU9LYL
UROL
7KHSDWWHUQVRIPHDQPRQWKO\GLVFKDUJHWKH
FKDQJHVLQVSHFLILFGLVFKDUJHZLWKLQFUHDVLQJFDWFKPHQW
VL]HDQGWKHYDULDWLRQLQPHDQPRQWKO\GLVFKDUJH
SURYHGWREHSDUWLFXODUO\VXLWDEOHSDUDPHWHUVIRUWKH
SUHVHQWVWXG\,QWKHFDVHRIWKHULYHU5KLQHWKHUHLVD
FOHDUFRQWUDVWLQWKHGLVFKDUJHSDWWHUQEHWZHHQWKH
PRXQWDLQRXVXSSHUVHFWLRQDQGWKHORZHUUHDFKHVRIWKH
ULYHUZKHUHWKHGLVFKDUJHSDWWHUQFKDQJHVDVDUHVXOWRI
WKHIHHGHUVXSSO\FKDQJLQJIURPVQRZWRUDLQ,QDQ
DYHUDJH\HDUGLVFKDUJHLQWKH6ZLVVVHFWLRQRIWKH5KLQH
ZKLFKLVPDLQO\PRXQWDLQRXVFRQWULEXWHVRIWKH
WRWDOGLVFKDUJHDOWKRXJKWKHFDWFKPHQWDUHDZLWKLQ6ZLVV
WHUULWRU\UHSUHVHQWVRQO\RIWKHWRWDOFDWFKPHQW
7KHDERYHILJXUHVDUHFRQILUPHGE\ZDWHUEDODQFH
HVWLPDWLRQVE\%DXPJDUWQHUHWDO $VFDQEH
VHHQLQ7DEOHSUHFLSLWDWLRQYROXPHVDUHDERXW
WLPHVODUJHULQWKH$OSVWKDQLQ(XURSHZKHUHDVHYDSR
UDWLRQYROXPHVDUHFRPSDUDEOH DQGWKHUHIRUHUHSUHVHQW
DVPDOOHUSHUFHQWDJHRISUHFLSLWDWLRQLWVKRXOGEHQRW
HGWKDWWKHHYDSRUDWLRQYDOXHRIFPIRU(XURSH
VHHPVWRRORZ7KLVUHVXOWVLQGLVFKDUJHYROXPHVIRU
WKH$OSVWLPHVODUJHUWKDQWKRVHIRU(XURSH DVD
ZKROH7KHVHJHQHUDOL]HGSDWWHUQVDUHIXUWKHUFRQ
ILUPHGE\DQDQDO\VLVRIFDWFKPHQWEDVHGGDWDIURPWKH
(XURSHDQ:DWHU$UFKLYH)5,(1' ZKLFKVKRZHG
ODUJHUSUHFLSLWDWLRQDQGGLVFKDUJHYROXPHVDVZHOODV
PRUHUHOLDEOHGLVFKDUJHSDWWHUQVIRUWKHDOSLQHVHFWLRQ
RIWKH5KLQHFDWFKPHQW9LYLUROL /RQJWHUPVWRU
DJHLQJODFLHUVZKLFKLQ6ZLW]HUODQGDPRXQWHGWR
NPLQ WLPHVWKHDQQXDOUXQRIIRULJLQDWLQJ
IURP6ZLVVWHUULWRU\6FKLLGOHULV QRWFRQVLGHUHG
LQWKHVHZDWHUEDODQFHILJXUHV
%DVHGRQWKHNQRZOHGJHJDLQHGDERXWWKHULYHU
5KLQHDQGWDNLQJLQWRDFFRXQWWKHOLPLWHGGDWDDYDLO
DEOHWKHIROORZLQJSDUDPHWHUVZHUHFKRVHQIRUWKHFDVH
VWXGLHVGLVFKDUJHFKDUDFWHUJHQHUDWLRQRIGLVFKDUJHFOL
PDWLFIDFWRUVYDULDWLRQLQGLVFKDUJHDQGXVHRIUXQRII
1LQHWHHQULYHUEDVLQVLQYDULRXVSDUWVRIWKHZRUOG
ZHUHVHOHFWHGIRUWKHFDVHVWXGLHVGHSHQGLQJRQFOLPDWLF
DQGWRSRJUDSKLFDOFULWHULDDQGDYDLODELOLW\RIGDWDLQFOXG
LQJLQYHVWLJDWLRQRIWKHLQWHUUHODWLRQEHWZHHQPRXQWDLQ
DQGORZODQGGLVFKDUJH$PHDVXULQJVWDWLRQDERYHP
VHUYHGDVDPRXQWDLQVWDWLRQDQGDQRWKHURQWKHORZHU
UHDFKHVRIWKHULYHUVHUYHGDVDORZODQGVWDWLRQ7KHVWD
WLRQVXVHGDUHOLVWHGLQ7DEOH7KHVHFDVHVWXGLHVIRUPHG
WKHEDVLVIRUWKHFRQFOXGLQJV\QWKHVLV
7KHOLPLWRIP RIWKHHDUWK
VFRQWLQHQWDO
VXUIDFHOLHVDERYHWKLVDOWLWXGHVKRXOGEHXQGHUVWRRG
DVDQDSSUR[LPDWHYDOXHRQO\DQGQRWDVDQDEVROXWH
OLPLWIRUPRXQWDLQDUHDVSDUWLFXODUO\EHFDXVH DSUHFLVH
DQGXQLIRUPGHILQLWLRQRIPRXQWDLQVRQDJOREDOVFDOH
LVKDUGO\SRVVLEOH ,YHVHWDO7KLVOLPLWVKRXOGEH
VHHQLQUHODWLRQQRWRQO\WRWRSRJUDSK\EXWDOVRWRWKH
LQFUHDVHLQSUHFLSLWDWLRQZLWKDOWLWXGHZKLFKLVXVXDOO\
JUHDWHVWEHWZHHQDQGP5RGGD 
,WPXVWEHQRWHGWKDWWKHVHOHFWHGDSSURDFKGRHV
QRWWDNHLQWRDFFRXQWFKDQJHVLQORQJWHUPJURXQGZD
WHUJODFLHUDQGUHVHUYRLUVWRUDJHEHFDXVH WKHGDWDDUH
LQVXIILFLHQWWRDVVHVVWKHVHSDUDPHWHUV7KHVDPH
DSSOLHVWRHYDSRUDWLRQORVVHVDQGZDWHUXVHZKLFKFDQ
QRWEHVHSDUDWHGLQWKHK\GURJUDSKFRPSDULVRQ
EHWZHHQPRXQWDLQDQGORZODQGVWDWLRQV2ZLQJWR
LQVXIILFLHQWGDWDDVPHQWLRQHGDERYHRQO\DQRYHUYLHZ
RIWKHEDVLFK\GURORJLFDOFKDUDFWHURIKLJKODQGORZODQG
LQWHUDFWLRQVFDQEHFRQVLGHUHGUDWKHUWKDQDGHWDLOHG
ZDWHUEDODQFH DQDO\VLVZKLFKZRXOGUHTXLUHGHWDLOHG
GDWDVHWVIRUUXQRIISUHFLSLWDWLRQHYDSRUDWLRQVWRUDJH
FKDQJHDQGZDWHUXVH
([HPSODU\FDVHVWXG\7KH(XSKUDWHV
7KH(XSKUDWHVFDWFKPHQWZDVFKRVHQDVDQH[DPSOH
EHFDXVH WRSRJUDSKLFDOO\LWFDQEHGLYLGHGHDVLO\LQWR
PRXQWDLQDQGORZODQGDUHDVDQGEHFDXVH DFOHDUK\GUR
ORJLFDOLQWHUSUHWDWLRQRIWKHKLJKODQGORZODQGUHODWLRQ
VKLSLVSRVVLEOH7KLVH[DPSOHH[SODLQVWKHPHWKRG
XVHG
 'LVFKDUJHFKDUDFWHULVWLFV'LVFKDUJHIURPWKH3RQWLQH
0RXQWDLQVDQGWKH7DXUXVLVDGHFLVLYHIDFWRULQWKH
GLVFKDUJHSDWWHUQRIWKHULYHU(XSKUDWHV)LJXUH
3DUWLFXODUO\LQVSULQJWKHGLVFKDUJHSDWWHUQLVGRPL
QDWHGE\ODUJHYROXPHVRIPHOWZDWHUIURPWKHPRXQ
WDLQVZLWKWKHUHVXOWWKDWPRXQWDLQGLVFKDUJH
EHWZHHQ0DUFKDQG0D\LVDFWXDOO\JUHDWHUWKDQWRWDO
GLVFKDUJH2QWKHRQHKDQGWKHORZO\LQJDUHDVJHQ
HUDWHYLUWXDOO\QRGLVFKDUJHDWDOODQGRQWKHRWKHU
GLVFKDUJHLVLQIDFWFRQVXPHGSULQFLSDOO\IRULUUL
JDWLRQSXUSRVHV2YHUDOOWKHSRUWLRQRIWRWDOGLV
FKDUJHDW.DGDKH\HK ORZODQGVWDWLRQJHQHUDWHGLQ
WKHPRXQWDLQRXVVHFWLRQRIWKHFDWFKPHQWXSWR
.HEDQ PRXQWDLQVWDWLRQYDULHVEHWZHHQDQG
DFFRUGLQJWRWKHVHDVRQ
 6SHFLILFUXQRII0RXQWDLQUXQRIIUHSUHVHQWVDPXFK
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RXVSDUWRIWKHFDWFKPHQWLVWKHUHVXOWRIWKHGLVSUR
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5HVHDUFK
PRXQWDLQVDWWKHPRXQWDLQPHDVXULQJVWDWLRQDQ
DQQXDODYHUDJHRIDVPXFKDVRIWKHWRWDOGLV
FKDUJHZDVPHDVXUHGZKHUHDVWKLVSDUWRIWKHFDWFK
PHQWUHSUHVHQWVRQO\RIWKHWRWDODUHDRIWKH
EDVLQVHH)LJXUH'LVFKDUJHLVWKHUHIRUHDURXQG
WLPHVJUHDWHUWKDQZRXOGEHH[SHFWHGIURPWKH
DUHDRIWKLVVHFWLRQRIWKHFDWFKPHQW
 &OLPDWH+LJKVXPPHULVDGU\SHULRGLQERWKPRXQ
WDLQVDQGORZODQGVGLVFKDUJHEHLQJFRQVLGHUDEO\ORZ
HUDWWKLVWLPHLQERWKDUHDV7KHGU\VHDVRQODVWV
ORQJHULQWKHORZODQGVDQGZLQWHUSUHFLSLWDWLRQILJ
XUHVDUHPDUNHGO\ORZHUWKDQLQWKHPRXQWDLQV
:KHUHDVWRWDODQQXDOSUHFLSLWDWLRQFDQEHDVPXFKDV
PPLQPRXQWDLQDUHDVPDLQO\LQZLQWHUDQG
VSULQJWKHDULGFRQGLWLRQVRIWKH6\ULDQ'HVHUWGRP
LQDWHLQWKHPLGGOHVHFWLRQRIWKHFDWFKPHQWZLWK
DQQXDOSUHFLSLWDWLRQRIEHWZHHQDQGPPRU
OHVV0ILOOHU1HZHWDO7KHVRXUFHRIDQ\
VLJQLILFDQWUXQRIILVWKHUHIRUHRQO\WKHPRXQWDLQVHF
WLRQZLWKLWVFRQVLGHUDEOHSUHFLSLWDWLRQDQGZLQWHU
DFFXPXODWLRQPDLQO\LQWKHIRUPRIVQRZ 9DULDELOLW\2YHUDOO\HDUWR\HDUY LDELOLW\LQPRQWKO\
GLVFKDUJHLQWKHPRXQWDLQVL IDLUO\ORZ,WLVLQ
VSULQJLQSDUWLFXODUWKDWGLVFKDUJHIURPWKHPRXQ
WDLQVKDVDPDUNHGFRPSHQVDWRU\HIIHFWRQWRWDOGLV
FKDUJHZKLFKLQWHUHVWLQJO\FDQEHVHHQDOVRLQWKH
VXPPHUKDOI\HDU7KHSHUVLVWHQFHRIWKHODWWHUHIIHFW
LVPRVWOLNHO\FDXVHGE\FRQWULEXWLRQVIURPJURXQG
ZDWHUGLVFKDUJH:DWHUXVH7KDQNVWRGLVFKDUJHYROXPHVWKDWFDQEH
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),*85( 0HDQPRQWKO\FRHIILFLHQWRIYDULDWLRQDZLWKDQGEZLWKRXWWKH
LQIOXHQFHRIPRXQWDLQGLVFKDUJHDQGFUHGXFWLRQL GLVFKDUJHYDULDELOLW\GXH
WRWKHLQIOXHQFHRIWKHPRXQWDLQV)RUWKH&RORUDGRDQG,QGXVULYHUVWKH
LQIOXHQFHRIWKHORZODQGVLVEDUHO\UHFRUGHGLQWKHPRQWKO\PHDQ)RUWKLV
UHDVRQWKHFRHIILFLHQWRIYDULDWLRQZLWKRXWWKHLQIOXHQFHRIWKHPRXQWDLQV
FDQQRWEHGHWHUPLQHGZLWKVXIILFLHQWSUHFLVLRQVHHDOVR)LJXUH
,WFDQWKXVEHFRQFOXGHG WKDWWKHJUHDWHUSDUWRI
WKH(XSKUDWHVGLVFKDUJHRULJLQDWHVLQWKHPRXQWDLQVHF
WLRQRIWKHFDWFKPHQWDQGLVRIPDMRULPSRUWDQFHIRU
WKHDULGORZODQGVGRZQVWUHDP7KHPRXQWDLQPHDVXU
LQJVWDWLRQFRYHUVRIWKHFDWFKPHQWDUHDZKHUHDV
WKHGLVFKDUJHJHQHUDWHGKHUHUHSUHVHQWVDGLVSURSRU
WLRQDWHRIWKHWRWDOGLVFKDUJH,IDQ\WKLQJWKHVH
ILJXUHVDUHFRQVHUYDWLYHEHFDXVH WKH(XSKUDWHVFRQWLQ
XHVWRIORZWKURXJKDPRXQWDLQRXVDUHDIRUDVKRUW
WLPHEHORZWKHPRXQWDLQPHDVXULQJVWDWLRQ)XUWKHU
PRUHLWLVIHGE\ULYHUVWKDWDOVRRULJLQDWHLQPRXQWDLQ
DUHDV7KHLQGLFDWHGYDOXHVDOVRFRPSDUHZHOOZLWKD
*,6EDVHGZDWHUEDODQFH VWXG\E\$NPDQVR\
ZKLFKDVVLJQVRIWKHZDWHUFRQWULEXWHGWRWKH
(XSKUDWHVEDVLQWR7XUNLVKWHUULWRU\ZKLFKLVSUHGRPL
QDQWO\PRXQWDLQRXVDQGUHSUHVHQWVRQO\RIWKH
WRWDOFDWFKPHQWDUHD7KHUHPDLQLQJLVDVVLJQHGWR
6\ULDZLWKDQVKDUHRIWKHZDWHUVKHGZKHUHDV
,UDTVKRZVQRFRQWULEXWLRQDWDOO7KHODUJHTXDQWLWLHV
RIZDWHUIURPWKHPRXQWDLQVDUHHVSHFLDOO\LPSRUWDQW
EHFDXVH WKH\DUULYHGXULQJWKHJURZLQJVHDVRQDQGWKXV
SOD\DGHFLVLYHUROHLQDJULFXOWXUH,QWKH(XSKUDWHV
EDVLQWKHDJULFXOWXUDOVHFWRULVE\IDUWKHODUJHVWFRQ
VXPHURIIUHVKZDWHULQ6\ULDLWDFFRXQWVIRUDQG
LQ,UDTIRU RIDQQXDOIUHVKZDWHUZLWKGUDZDOV
:RUOG%DQN
&RPSDUDWLYHDVVHVVPHQWRIVHOHFWHGULYHUEDVLQV
(LJKWHHQRWKHUULYHUEDVLQVZHUHDQDO\]HGXVLQJWKH
VDPHVWDQGDUGFULWHULDXVHGIRUWKH(XSKUDWHV7KH
K\GURORJLFDOVLJQLILFDQFHRIWKHLUPRXQWDLQRXVVHFWLRQV
ZDVVXEVHTXHQWO\FRPSDUHGDQGDVVHVVHG
*HQHUDWLRQRIGLVFKDUJH2QH NH\DVSHFWRIWKHK\GURORJL
FDOVLJQLILFDQFHRIDPRXQWDLQUDQJHLVWKHGLVSURSRU
WLRQDWHGLVFKDUJHLWJHQHUDWHV6SHFLILFUXQRIILVDVXLW
DEOHGLPHQVLRQDW\SLFDOVSHFLILFUXQRIISDWWHUQVKRZVD
FOHDUGHFUHDVHDVWKHORZODQGFDWFKPHQWDUHDLQFUHDVHV
7KHUHODWLYHLPSRUWDQFHRIGLVFKDUJHJHQHUDWLRQLQWKH
PRXQWDLQVFDQEHGHGXFHG IURPWKHUDWHRIWKLV
GHFUHDVH ,QDULGDUHDVLQSDUWLFXODUWKHXSSHUUHDFKHV
RIDULYHUZLWKFRQVLGHUDEO\KLJKHUVSHFLILFUXQRIIDUH
SUHGRPLQDQWZKHUHDVLQKXPLGDUHDVWKHFRQWUDVWLV
VRPHZKDWOHVVPDUNHG$QRWLFHDEO\GLIIHUHQWSDWWHUQRI
VSHFLILFUXQRIIFDQEHVHHQLQWKHFDVHRIWKH0HNRQJ
PRQVRRQ FOLPDWHDQGWKH2ULQRFR WURSLFVKHUH
VSHFLILFUXQRIILQFUHDVHVLQWKHORZHUUHDFKHVRIWKHULY
HUZKLFKPHDQVWKDWGLVFKDUJHJHQHUDWLRQLQWKHORZ
ODQGVLVFOHDUO\PRUHLPSRUWDQWWKDQLQWKHPRXQWDLQV
7KLVLOOXVWUDWHVWKHFRPSOHWHO\GLIIHUHQWVLJQLILFDQFHRI
ORZODQGDUHDVLQWKHKXPLGWURSLFVDVRSSRVHG WRWKRVH
LQDULGUHJLRQV
3URSRUWLRQRIWRWDOGLVFKDUJHJHQHUDWHGE\PRXQWDLQDUHDV
$SDUWIURPLQFUHDVHGJHQHUDWLRQRIGLVFKDUJHLQPRXQ
WDLQRXVDUHDVWKHSDUWLFXODUUROHSOD\HGE\WKHSUHGRPL
QDQWO\KLJKHUOHYHORIVSHFLILFUXQRIIIURPPRXQWDLQVLQ
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EDVLQV)LJXUH7KHFRQWULEXWLRQIURPPRXQWDLQV
UHSUHVHQWHGE\WKHVHOHFWHGPHDVXULQJVWDWLRQVZDV
UDQNHGE\PDJQLWXGHWKHVL]HRIWKHUHVSHFWLYHPRXQ
WDLQVWDWLRQFDWFKPHQWDUHDLQUHODWLRQWRWKHWRWDOFDWFK
PHQWDUHDEHLQJLQGLFDWHGIRUSXUSRVHVRIHVWLPDWLQJ
SURSRUWLRQDOLW\)LJXUHVKRZVFOHDUO\WKDWWKHSURSRU
WLRQRIWRWDOGLVFKDUJHJHQHUDWHGE\PRXQWDLQVLVGHFL
VLYHSDUWLFXODUO\LQDULG]RQHV:LWKYDOXHVRIRYHU
WKH2UDQJHDQG&RORUDGR ULYHUVWKH5LR1HJURWKH
$PX'DU\DDQGWKH1LOHDUHE\IDUWKHPRVWGHSHQGHQW
RQPRXQWDLQGLVFKDUJH(YHQZKHQWKHPHDQFRQWULEX
WLRQUDWHLVORZHUWKHUHDUHPRQWKVLQWKH(XSKUDWHV
7LJULV,QGXV6DLR)UDQFLVFR6HQHJDO1LJHUDQG&DX
YHU\EDVLQVZKHQPRXQWDLQGLVFKDUJHUHSUHVHQWVDOPRVW
0RXQWDLQ5HVHDUFKDQG'HYHORSPHQW9RO 1R )HE
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RIWKHWRWDOGLVFKDUJHDQGLVWKHUHIRUHDOVRRIYLWDO
LPSRUWDQFHIRUORZODQGDUHDVGRZQVWUHDPVHH)LJXUH
(YHQLQKXPLG]RQHVPRXQWDLQGLVFKDUJHH[FHHGV
E\DIDFWRURIDURXQGWKHFRQWULEXWLRQWKDWFRXOGEH
H[SHFWHGRQWKHEDVLVRIWKHUHODWLYHDUHD)LJXUHVIRU
WKH0HNRQJDQG2ULQRFREDVLQVDUHH[FHSWLRQV
KRZHY
HUZLWKWKHFRQWULEXWLRQRIGLVFKDUJHIURPWKHPRXQ
WDLQVEHLQJORZHUWKDQH[SHFWHG
&RPSHQVDWRU\HIIHFWRIPRXQWDLQGLVFKDUJH7KHUDQNLQJIRU
FRPSHQVDWRU\HIIHFWRIPRXQWDLQGLVFKDUJHLVYHU\VLPL
ODUWRWKDWRIWKHDVSHFWVGHDOWZLWKDERYH )LJXUH
7KHJURXSLQJRIWKHYDULRXVULYHUVKRZHYHULVVRPH
ZKDWPRUHPDUNHGWKDWLVDODUJHUQXPEHURIWKH
PRXQWDLQ]RQHVVWXGLHGKDYHDVWURQJFRPSHQVDWRU\
HIIHFWRQWKHORZODQGVGRZQVWUHDP,WLVQRWLFHDEOHIRU
H[DPSOHWKDWWKHULYHU(EURLVKLJKO\GHSHQGHQWRQWKH
UHOLDELOLW\RIPRXQWDLQGLVFKDUJHPRUHVRWKDQFRXOG
EHH[SHFWHGIURPWKHDVSHFWVGHDOWZLWKDERYHWKH
VDPHDSSOLHVWRWKH6HQHJDOWKH0HNRQJDQGWKH:LV
OD,QWKHVHULYHUEDVLQVWKHFRPSHQVDWRU\HIIHFWRI
PRXQWDLQGLVFKDUJHLVFOHDUO\DSDUWLFXODUO\LPSRUWDQW
IDFWRUWKHPRXQWDLQV
UROHDVQDWXUDOZDWHUWRZHUV
EHLQJFKDUDFWHUL]HGSULQFLSDOO\E\WKHUHOLDELOLW\RIGLV
FKDUJHUDWKHUWKDQE\WKHODUJHGLVFKDUJHYROXPHV
,QIOXHQFHRIFOLPDWLFFRQGLWLRQV)RUWKHULYHUEDVLQV
LQFOXGHG LQWKLVVWXG\DQLPSRUWDQWIDFWRULQWKHLQWHU
DFWLRQRIXSSHUPRXQWDLQUHDFKHVDQGORZODQGDUHDVLV
WKHFOHDUGLIIHUHQFHEHWZHHQWKHFOLPDWLFFRQGLWLRQV
SUHYDLOLQJLQWKHXSSHUUHDFKHVDQGWKRVHLQWKHPLG
GOHDQGORZHUUHDFKHV2QWKHZKROHWKHFOLPDWLFFRQ
GLWLRQVLQPRXQWDLQDUHDVSUHFLSLWDWLRQ DQGWHPSHUD
WXUHSDWWHUQUHVXOW LQDQLPSRUWDQWFRQWULEXWLRQWR
GLVFKDUJH$SDUWIURPWKHODUJHUGLVFKDUJHYROXPHWKH
WHPSRUDU\VWRUDJHRISUHFLSLWDWLRQLQWKHIRUPRIVQRZ
DQGLFHGXULQJWKHZLQWHUKDOI\HDULVHVSHFLDOO\LPSRU
WDQWEHFDXVH LWOHDGVWRLQFUHDVHGGLVFKDUJHGXULQJWKH
PHOWLQJSHULRG)URPWKLVSRLQWRIYLHZPRXQWDLQ
UDQJHVRIWHQIRUPDKXPLGDQGFRROHULVODQGZLWKLQD
FRPSDUDWLYHO\GU\DUHD(YHQLQWKHDULG]RQHVLQFOXG
HGKHUHPRXQWDLQFOLPDWHVSUHYDLOGHSHQGLQJ RQDOWL
WXGHFUHDWLQJSDUWLFXODUGLVFKDUJHFRQGLWLRQVDVD
UHVXOWRIWKHDFFXPXODWLRQ RIVQRZDQGWKHSUHFLSLWD
WLRQUDWH
6LJQLILFDQFHIRUORZODQGDUHDV,WFDQEHFOHDUO\VHHQLQWKH
ULYHUEDVLQVH[DPLQHGLQWKLVVWXG\WKDWGLVFKDUJH
IURPZDWHUWRZHUVLVLQGHHGYHU\LPSRUWDQWIRUORZODQGV
DQGWKHSHRSOH OLYLQJWKHUHDQGWKDWWKLVGLVFKDUJHLV
PDGHXVHRILQUHJLRQVRXWVLGHPRXQWDLQ]RQHV7KH
SULQFLSDOXVHULVWKHDJULFXOWXUDOVHFWRUZKLFKZLWKWKH
FXUUHQWVWDWHRIWHFKQRORJLFDOGHYHORSPHQWDFFRXQWV
IRUDURXQGRIJOREDOIUHVKZDWHUFRQVXPSWLRQRQ
DYHUDJH:RUOG%DQN (VSHFLDOO\LQGU\FOLPDWH
]RQHVZDWHUXVHIRULUULJDWLRQLVRISDUDPRXQWLPSRU
WDQFHIRUORZODQGLQKDELWDQWV
6\QWKHVLV
7KHSDUWLFXODUK\GURORJLFDOFKDUDFWHULVWLFVRIPRXQWDLQ
DUHDVFDQEHVXPPDUL]HGDVIROORZV
'LVSURSRUWLRQDWHGLVFKDUJHLHKLJKHUVSHFLILF
UXQRIIDVDUHVXOWRIWKHRURJUDSKLFHIIHFWDQGWKH
ORZHUHYDSRUDWLRQUDWH
6HDVRQDOUHWDUGLQJRIGLVFKDUJHWKURXJKDFFXPXODWLRQ
RIZLQWHUSUHFLSLWDWLRQLQWKHIRUPRIVQRZDQGLFH
+LJKO\UHOLDEOHUXQRIILHUHGXFWLRQLQSDUWLFXODURI
VXPPHUUXQRIIYDULDELOLW\DVDUHVXOWRIWKHUHJXODUL
W\RIWKHPHOWLQJSURFHVVDQGWKHORQJWHUPFRPSHQ
VDWRU\HIIHFWRIJODFLHUVWRUDJH
7KHVHILQGLQJVFDQEHXVHGIRUDQRYHUDOODVVHVV
PHQWWKDWJLYHVDUDQNLQJIRUPRXQWDLQDUHDVDFFRUGLQJ
WRWKHLUK\GURORJLFDOVLJQLILFDQFHIRUORZODQGVGRZQ
VWUHDP)LJXUH
 *URXS$PX'DU\D&RORUDGR(XSKUDWHV1LOH2UDQJH
,QGXVDQG1LJHUULYHUVDQG5LR1HJUR7KHVHDUHFDWFK
PHQWVZKRVHPRXQWDLQVHFWLRQVUHSUHVHQWH[WUHPHO\
LPSRUWDQWZDWHUWRZHUVIRUWKHDULGORZODQGVGRZQ
VWUHDP7KHVHPRXQWDLQ]RQHVDUHGHFLVLYHIHHGHU
DUHDVDQGDUHRIYLWDOLPSRUWDQFHIRUORZODQGSRSXOD
WLRQVWKURXJKRXWWKH\HDU7KHSURSRUWLRQRIGLV
FKDUJHJHQHUDWHGLQWKHPRXQWDLQDUHDVH[FHHGV
RIWRWDOGLVFKDUJHLQWKHPDMRULW\RIFDVHV
 *URXS6GR)UDQFLVFR6HQHJDO7LJULV&DXYHU\DQG
(EURULYHUV,QWKHVHFDWFKPHQWVWKHSURSRUWLRQRI
GLVFKDUJHIURPPRXQWDLQDUHDVLVDOVRLPSRUWDQW
DOWKRXJKLWYDULHVIURPPRQWKWRPRQWK,QWKLV
JURXSKRZHYHUPRXQWDLQVDUHQRWWKHRQO\LPSRU
WDQWVRXUFHRIZDWHU1HYHUWKHOHVVWKH\DOZD\VSUR
YLGHDVLJQLILFDQWSDUWRIWKHWRWDOGLVFKDUJHZLWK
H[FHSWLRQWKHSURSRUWLRQRIWRWDOGLVFKDUJHJHQHUDW
HGE\WKHPRXQWDLQVHFWLRQVRIWKHFDWFKPHQWV
DPRXQWVWRIRUDWOHDVWPRQWK
 *URXS1RUWK6DVNDWFKHZDQ5KLQH&ROXPELDDQG
'DQXEHULYHUV7KHVHDUHFDWFKPHQWVZKHUHWKH
XSSHUPRXQWDLQRXVUHDFKHVDUHLPSRUWDQWWRVRPH
H[WHQWIRUGLVFKDUJHLQWKHORZHUUHDFKHVDQGSOD\D
FRPSOHPHQWDU\UROH0RXQWDLQGLVFKDUJHFRPSULVHV
EHWZHHQDQGRIWRWDOGLVFKDUJHDQGLVWKXV
QRWVRLPSRUWDQWDVLQWKHILUVWJURXSVDOWKRXJKLW
FRQWULEXWHVWRDQGKDVDFRPSHQVDWRU\HIIHFWRQWRWDO
GLVFKDUJH
 *URXS0HNRQJ:LVODDQG2ULQRFRULYHUV7KHVHDUH
FDWFKPHQWVZKHUHWKHXSSHUPRXQWDLQRXVUHDFKHV
DUHRIRQO\PLQRULPSRUWDQFH7KHORZODQGVHQMR\
VXIILFLHQWWRDEXQGDQWSUHFLSLWDWLRQDQGGLVFKDUJH
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&ROXPELD  5KLLQH'DQXLV
0H(EUR "a111&RORUDGR (KWHV 0HRQ
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JDO
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+\GURORJLFDOLPSRUWDQFHRIPRXQWDLQUDQJHV &OLPDWHLQORZODQGDUHDV
 ([WUHPHO\LPSRUWDQW$#,PSRUWDQW RS'LUHFWLRQRI +\SHUDULGDULGQULYHUFRXUVH
$ #9HU\LPSRUWDQW $ 1RWYHU\LPSRUWDQW 6HPLDULGVXEKXPLG
+LOOIDGLQJ$WODV0RQGLDO6XLVVH
#&RQIHUHQFHRI&DQWRQDO0LQLVWHUVIRU(GXFDWLRQ

ZKLFKULVHDVWKHORZODQGFDWFKPHQWDUHDLQFUHDVHV
+HUHWKHPRXQWDLQVHFWLRQVRIWKHFDWFKPHQWVGR
QRWPDNHDVLJQLILFDQWFRQWULEXWLRQWRWKHWRWDOGLV
FKDUJH
7KHPDSVKRZLQJWKHUHVXOWVREWDLQHG)LJXUH
UHYHDOVWKDWWKHZRUOG
VPDMRUQDWXUDOZDWHUWRZHUVDUHWR
EHIRXQGLQDULGRUVHPLDULG]RQHV7KHGULHUWKHORZ
ODQGVWKHJUHDWHUWKHLPSRUWDQFHRIWKHZHWPRXQWDLQ
DUHDVWKHODWWHUSURYLGHGLVSURSRUWLRQDWHO\KLJKDQGUHOL
DEOHGLVFKDUJHZKLFKKDVDFRPSHQVDWRU\HIIHFWDQG
DWWHQXDWHVZDWHUVKRUWDJHVLQWKHORZODQGV7KLVFRPSHQ
VDWRU\HIIHFWLVPDLQO\GXHWRVHDVRQDODQGORQJWHUPVWRU
DJHLQVQRZFRYHUDQGJODFLHUV,QWHPSHUDWH]RQHV
PRXQWDLQVDUHQRWRIVXFKJUHDWLPSRUWDQFHDOWKRXJK
WKH\VWLOOKDYHDFHUWDLQFRPSOHPHQWDU\DVZHOODVFRP
SHQVDWRU\YDOXH,WLVRQO\LQDUHDVZLWKDPDUNHGKXPLG
FOLPDWHWKDWPRXQWDLQVDUHRIOLWWOHVLJQLILFDQFHIRUGLV
FKDUJHLQWKHORZHUUHDFKHVRIULYHUV2FFDVLRQDOO\KRZ
HYHUPRXQWDLQGLVFKDUJHFDQEHYHU\LPSRUWDQWHYHQLQ
KXPLG]RQHVIRUH[DPSOHIRUWKHULYHU5KLQHLQ-XO\
ZKLFK ZDVDQH[FHSWLRQDOO\GU\PRQWKGLVFKDUJH
IURPWKH6ZLVV$OSVPHDVXUHGDW5KHLQIHOGHQFDWFKPHQW
DUHDNPUHSUHVHQWHGQHDUO\RIWKHWRWDO
GLVFKDUJHDW/RELWKFDWFKPHQWDUHDNP
*5'&  ,WLVLQWHUHVWLQJWRQRWHWKDWGHVSLWHLWV
LPSRUWDQFHDVDIHHGHUWKHULYHU5KLQHLVLQFOXGHGLQ
*URXSDERYHZKLFKRQO\VHUYHVWRXQGHUOLQHWKH
LPSRUWDQFHRIPRXQWDLQGLVFKDUJHLQ*URXSVDQG
,QDFRPSDULVRQVLPLODUWRWKHRQHDERYHWKH
LPSRUWDQFHRIPRXQWDLQVDOVRFDQEHGLIIHUHQWLDWHGLQ
WHUPVRIWLPH,QWKHFDWFKPHQWVLQFOXGHG LQ*URXS
PRXQWDLQUHDFKHVSOD\DPDMRUUROHZLWKUHJDUGWRGLV
FKDUJHLQWKHORZHUUHDFKHVWKURXJKRXWWKH\HDULQ
*URXSWKHLULQIOXHQFHLVVHDVRQDO HJRXWVLGHWKH
UDLQ\VHDVRQ DQGLQ*URXSPRXQWDLQVDUHLPSRU
WDQWRQO\RFFDVLRQDOO\DVVHHQLQWKHH[DPSOHRIWKH
5KLQHLQ)RUWKRVHULYHUVLQFOXGHGLQ*URXS
WKHLQIOXHQFHRIWKHPRXQWDLQUHDFKHVLVDOPRVWQHJOLJL
EOHIURPWKLVSRLQWRIYLHZ
&RQFOXVLRQV
%HFDXVH RIWKHJHQHUDWLRQRIGLVFKDUJHGXHWRFOLPDWLF
FRQGLWLRQVPRXQWDLQVSOD\DVSHFLDOK\GURORJLFDOUROH
HYHQWKRXJKLQPDQ\DUHDVGDWDDUHODFNLQJDQGWKHUHLV
QRWVXIILFLHQWXQGHUVWDQGLQJRIWKHSURFHVVWRIDFHWKH
SUREOHPVWKDWZLOODULVHLQWKHIXWXUH7RDVVHVVWKH
K\GURORJLFDOLPSRUWDQFHRIDPRXQWDLQDUHDLWLVQRW
VXIILFLHQWVLPSO\WRDQDO\]HGLVFKDUJHGDWD&OLPDWLF
0RXQWDLQ5HVHDUFKDQG'HYHORSPHQW9RO 1R )HE
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FRQGLWLRQVDQGLQWHQVLW\RIODQGXVHLQWKHORZODQGVDUH
DOVRLPSRUWDQW,QWKLVUHVSHFWDQHOHPHQWDU\GLIIHU
HQFHZLWKKLJKO\YDULDEOHWUDQVLWLRQVLVHYLGHQW
,QDULGDQGVHPLDULGDUHDVPRXQWDLQVIRUPZHW
LVODQGVDQGWKHLUVLJQLILFDQFHLQFUHDVHVLQSURSRUWLRQ
WRWKHVL]HRIWKHLUJODFLHUVDQGWKHGXUDELOLW\DQGYRO
XPHRIVQRZFRYHUZKLFKDFWVDVDUHVHUYRLUIRUWKHGU\
VHDVRQ7KLV]RQHZKHUHVHULRXVZDWHUVKRUWDJHVFRXOG
DULVHLQWKHQHDUIXWXUHDVSRSXODWLRQVLQFUHDVHH[WHQGV
WRZDUGWKHSROHVLQGHQVHO\SRSXODWHG DUHDVZLWKD
0HGLWHUUDQHDQFOLPDWHZKHUHDVWRZDUGWKHHTXDWRULW
VRPHWLPHVLQFOXGHVHYHQH[WUHPHO\KXPLGDUHDVZLWKD
KLJKUDWHRIYDULDWLRQLQPRQVRRQFOLPDWHDUHDV+HQFH
DOPRVWDOOGHYHORSLQJFRXQWULHVDUHIDFHGZLWKWKHVH
ULVN\FOLPDWLFFRQGLWLRQV7KHUHIRUHLWFRPHVDVQRVXU
SULVHWKDWDFFRUGLQJWR:RUOG'HYHORSPHQW,QGLFDWRUV
:RUOG%DQN FRXQWULHVXVHRYHURIWKH
IUHVKZDWHUDYDLODEOHWRGD\IRUDJULFXOWXUHWKDWLVIRRG
SURGXFWLRQ7KH\LQFOXGH(J\SW,QGLDDQG&KLQD
ZKLFKUHO\KHDYLO\RQPRXQWDLQGLVFKDUJH7KHVHILJ
XUHVDORQHVKRZWKDWWKHVHKLJKO\YXOQHUDEOHDUHDVFRYHU
ZHOORYHURIWKHHDUWK
VVXUIDFHDQGWKDWRYHU
RIWKHZRUOG
VSRSXODWLRQHVSHFLDOO\ IURPWKHODUJH
PDMRULW\RIGHYHORSLQJFRXQWULHVOLYH DQGZRUNWKHUH
,WLVSUHFLVHO\IRUWKLVUHDVRQWKDWPRXQWDLQDUHDVLQ
WKHVHFRXQWULHVZLWKWKHLUSDUWLFXODUK\GURORJLFDOFKDU
DFWHUDQGWKHLUFRPSHQVDWRU\UROHZLWKUHJDUGWR
UXQRIIDUHLPSRUWDQWHQRXJKWREHFRQVLGHUHGWRD
JUHDWHUH[WHQWLQIXWXUHFRQIHUHQFHVRQZDWHUUHVRXUFHV
DQGFRQIOLFWPDQDJHPHQWSDUWLFXODUO\LQWKH,QWHUQD
WLRQDO<HDURI)UHVKZDWHU:DWHUPDQDJHPHQW
PXVWEHJLQLQPRXQWDLQVDQGKLJKODQGVDQGLWLVWKH
WDVNRIWKHVFLHQWLILFFRPPXQLW\WRH[DPLQHWKHFRQVH
TXHQFHV IRUFRUUHVSRQGLQJZDWHUVKHGPDQDJHPHQWIRU
DJULFXOWXUHDQGIRUHVWU\DQGIRUPRXQWDLQFRPPXQL
WLHVDQGWRSUHSDUHWKHZD\IRUVXVWDLQDEOHGHYHORS
PHQWRIPRXQWDLQHFRV\VWHPVLQWKHVHFULWLFDOUHJLRQV
RIRXUSODQHW
,QWKHKXPLGWURSLFDO]RQHPRXQWDLQVFDQQRWSOD\
WKHVDPHK\GURORJLFDOUROH3UHFLSLWDWLRQRIPRUHWKDQ
PLQWKHVXUURXQGLQJORZODQGVHYHQO\GLVWULEXWHG
WKURXJKRXWWKH\HDUSURGXFHVVXFKDYROXPHRIGLV
FKDUJHWKDWWKHFRQWULEXWLRQRIPRXQWDLQVLVLQVLJQLIL
FDQW0RUHRYHUSRSXODWLRQGHQVLW\DQGLQWHQVLW\RI
ODQGXVHDUHYHU\OLPLWHGLQWKHVHUHJLRQV,WLVQRWZDWHU
EXWVRLOWKDWLVWKHPRVWYXOQHUDEOHHOHPHQWLQWKH
HFRV\VWHPVLQWKHVHUHJLRQV:HVKRXOGWKHUHIRUHEHDU
LQPLQGWKDWWKHPRXQWDLQVDJDLQSOD\DFUXFLDOUROH
QRWIRUWKHDPRXQWRIZDWHUWKH\FRQWULEXWHEXWZLWK
UHVSHFWWRVHGLPHQWVWUDQVSRUWHGGRZQWRWKHORZODQGV
,QWKHOLWHUDWXUHWKHSURSRUWLRQRIGLVFKDUJHFRQ
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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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7KHPHDQSURSRUWLRQRIPRXQWDLQGLVFKDUJHLQWKHULY
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WRWDOGLVFKDUJHZLWKDPHDQPRXQWDLQDUHDOSURSRUWLRQ
RI7KLVVKRZVWKDWWKHLQIOXHQFHRIPRXQWDLQVLV
DSSUR[LPDWHO\GRXEOH WKDWRIWKHLUUHODWLYHDUHD,IRQH
GLVUHJDUGVDUHDVZKHUHGLVFKDUJHIURPPRXQWDLQVLV
LQVLJQLILFDQW*URXS DQGFRQVLGHUVRQO\*URXSV
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DVWKHPHDQSURSRUWLRQRIWRWDOPRXQWDLQDUHDLV
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GLVFKDUJHLQLQGLYLGXDOVSDWLRWHPSRUDOFDVHVLQSDUWLF
XODULQDULGDUHDVZLWKWKHLUKLJKUDWHRIFOLPDWLFYDULD
WLRQ7KHSUHVHQWDUWLFOHLVEDVHGRQDQDSSURDFKE\
ZKLFKUHJLRQDOSDWWHUQVFRXOGEHGHGXFHG IURPLQGLYLG
XDOVWXGLHV
7KHIXWXUHRIPRXQWDLQZDWHUUHVRXUFHVZLOOEH
LQIOXHQFHGE\FOLPDWHFKDQJHDVGHVFULEHGE\,3&&
 &KDQJHVLQORFDOSUHFLSLWDWLRQDQGVQRZFRYHU
SDWWHUQVDUHOLNHO\WRDIIHFWGLVFKDUJHLQPRXQWDLQGRP
LQDWHGWHUULWRULHVLQWHUPVRIWLPLQJYROXPHDQGYDUL
DELOLW\$VJODFLHUVDUHH[SHFWHGWRUHWUHDWIXUWKHUWKHLU
GLVFKDUJHFRQWULEXWLRQZLOOLQFUHDVHIRUVRPHWLPH
ZKHUHDVLWPXVWEHDVVXPHGWKDWWKHLUFRPSHQVDWRU\
HIIHFWZLOOGLPLQLVK+RZHYHUHYHQPRUHLPSRUWDQW
WKDQWKHVHFKDQJHVPD\EHSRSXODWLRQJURZWKLQFULWL
FDOORZODQGDUHDVZKLFKZLOOSURGXFHVKDUSO\DFFHQWXDW
HGSUHVVXUHRQPRXQWDLQZDWHUUHVRXUFHVVHHDOVR
2(&' 
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QRW\HWDYDLODEOHWRDOODQGZLOOEHHYHQPRUHGLIILFXOWWR
JXDUDQWHHLQWKHIXWXUH$VWKHZRUOG
VZDWHUWRZHUV
PRXQWDLQVDUHRISDUDPRXQWLPSRUWDQFHIRUIRRGSUR
GXFWLRQDQGGULQNLQJZDWHUVXSSO\DVZHOODVIRUHQHUJ\
SURYLVLRQDQGLQGXVWULDOPDQXIDFWXULQJ,QFUHDVLQJ
GHPDQGVRQOLPLWHGZDWHUUHVRXUFHVZKLFKDOVRUHVXOW
LQDJURZLQJSRWHQWLDOIRUFRQIOLFWVHQVXUHWKDWPRXQ
WDLQZDWHUUHVRXUFHVSOD\DSUHGRPLQDQWUROHLQVXVWDLQ
DEOHGHYHORSPHQWLQWKHVWFHQWXU\9LYLUROLDQG
:HLQJDUWQHU
,QPDQ\UHJLRQVPRXQWDLQVDUHPDUJLQDODUHDVIRU
KXPDQKDELWDWLRQEHFDXVH WKH\DUHFKDUDFWHUL]HGE\
VWHHSVORSHVSRRUVRLOVORZWHPSHUDWXUHVDQGLQDFFHV
VLELOLW\7KHVXUURXQGLQJORZODQGVDUHPRUHIDYRUDEOH
IRUVHWWOHPHQWDJULFXOWXUHDQGLQGXVWU\EXWUHPDLQ
GHSHQGHQWRQWKHPRXQWDLQVIRUZDWHUDVVKRZQE\WKLV
VWXG\,QPDQ\SDUWVRIWKHWURSLFVKRZHYHUPRXQWDLQV
DUHSUHIHUUHGDUHDVIRUKXPDQKDELWDWLRQEHFDXVH WKH\
KDYHDEHWWHUFOLPDWHDQGPRUHIHUWLOHVRLOV,QFUHDVHG
KXPDQDFWLYLWLHVXSVWUHDPPD\UHGXFHWKHTXDOLW\DQG
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'DQLHO9LYLUROO5ROI:HLQJDUWQHUDQG%UXQR0HVVHUOL
TXDQWLW\RIWKHIORZGRZQVWUHDPRQZKLFKORZODQG
XVHUVGHSHQG &RQYHUVHO\RYHUGHYHORSPHQWGRZQ
VWUHDPPD\LPSRVHXQVXVWDLQDEOHGHPDQGVRQZDWHU
WRZHUVXSVWUHDP7KHUHLVWKXVDFRPSOH[LQWHUDFWLRQ
EHWZHHQPRXQWDLQVDQGORZODQGVZKLFKQHHGVWREH
UHFRJQL]HG7KLVLQWHUDFWLRQVKRXOGEHJLYHQSDUD
PRXQWFRQVLGHUDWLRQLQSODQQLQJWKHGHYHORSPHQWRI
UHVRXUFHVPDFURVFDOHZDWHUVKHGPDQDJHPHQW
2XUVWXG\LVEDVHGRQPRQWKO\PHDQGLVFKDUJH
EHFDXVH WKHUHDUHWRRIHZGDWDZLWKDKLJKHUWLPHUHVR
OXWLRQDYDLODEOHIRUDJOREDODVVHVVPHQW,QPDQ\PRXQ
WDLQDUHDVQDWXUDOUHVRXUFHVDUHVWLOOLQDGHTXDWHO\PRQL
WRUHGGHVSLWHWKHLULPSRUWDQFHFI5RGGD >@
7KHK\GURORJLFDOSDUDGR[RIPRXQWDLQV7KLVFRX
SOHGZLWKSRRUGLVVHPLQDWLRQRILQIRUPDWLRQZKHUH
VXFKGDWDDUHUHFRUGHGPDNHVDVVHVVLQJZDWHUUHVRXUFHV
H[WUHPHO\GLIILFXOW7KLVODFNRIPRQLWRULQJLVSDUWO\
GXHWRWKHKDUVKFRQGLWLRQVLQPRXQWDLQUHJLRQVSOXVD
ODFNRILQYHVWPHQW7KHUHLVWKHUHIRUHDJUHDWQHHGWR
LPSURYHWKHFXUUHQWPRQLWRULQJRIPRXQWDLQZDWHU
$ERYHDOOWKHUHLVDQXUJHQWQHHGWRPDNHGDWDSXEOLFO\
DYDLODEOHDQGIRUNQRZOHGJHWREHH[FKDQJHGEHWZHHQ
QHLJKERULQJFRXQWULHVDQGEHWZHHQKLJKODQGDQGORZ
ODQGDUHDV
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(QYLURQPHQWDO2XWORRN3DULV2(&'3XEOLFDWLRQVSS

5RGGD-&0RXQWDLQVDK\GURORJLFDOSDUDGR[RUSDUDGLVH",Q
+\GURORJLHNOHLQHU(LQ]XJVJHELHWH%HLWUDJH]XU+\GURORJLHGHU6FKZHL]1U
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